The performance of treated wood in the field is ultimately affected by retention and penetration of preservative in wood. In the present study, a new preservative system ZiBOC and a commercially used preservative copper-chrome-arsenate (CCA) were used for evaluation of treatability of Melia composita by the vacuum pressure method at different pressure levels in unsealed and end sealed specimens. The retention and penetration levels of both the preservatives were significantly different at (P< 0.05) in sapwood, heartwood and pith zones. Melia composita exhibited treatability class 'C' (21 -42% penetration). The results revealed that longitudinal penetration in Melia composita was the dominant flow as examined by spot test for copper in unsealed and end sealed specimens.
INTRODUCTION
The genus Melia consists of fifteen species widely distributed in the warmer parts of Asia and Australia and confined mostly in Indo-Malayan regions. Three species are reported to occur in India i.e. Melia azedarach, Melia birmanica and Melia composita. Anatomically it is difficult to distinguish the three species although gross structural features based on latewood vessels arrangement segregate them into two groups, (i) Melia composita (syn. Melia dubia) (ii) Melia azedarach and Melia birmanica (Sharma et al. 2012) .
Melia composita is a fast growing multipurpose tree which can be harvested on short rotation. It is a large tree attaining a height of 20 m with a spreading crown and a cylindrical straight bole of about 9-10 m. In India, it is mostly distributed in Bengal, Sikkim, Upper Assam, Orissa, Deccan and Western Ghats (Anon 1963 , Parthiban et al. 2009 . Melia composita trees are generally planted as ornamental trees for shade in plantation and also yield useful timbers. It seasons well if logs are converted in a green state. If left long, the log is liable to develop end -splitting and discolouration. The wood of M. composita can be used for packing cases, cigar boxes, ceiling planks, building and construction materials, agricultural implements, pencils, matchboxes, splints, catamarans, musical instruments, tea boxes, and plyboard (Sharma et al. 2012) . It is also a good fuel wood (calorific value, 5,043 -5,176 cal) . M. composita wood is sold for pulp and used in the veneer industry. However wood composites can be developed with M. composita.
The sapwood is grey or pinkish-white with a yellowish tinge and the heartwood is light red in colour. The wood is moderately hard and 450 kg m -3 in weight (Nazma et al. 1981) . It is straight grained and coarse textured. The wood is easy to saw, machining satisfactorily and can be finished into a smooth surface. Nazma et al. 1981 reported that the wood is moderately durable under shade whereas it comes in highly perishable group against fungi (Anon 2007 ).
Wood quality such as microstructure, physical and mechanical properties including processing like sawing, seasoning and preservation are pre-requisite for efficient utilization of any timber species. Presently, the plywood and panel industry is facing acute shortage of raw material and a number of alternate fast growing tree species have been identified for the production of wood based panel products. Parthiban et al. (2009) have integrated Melia composita in agro-forestry farms as an alternate pulpwood species. A few studies on anatomy of wood, physical and mechanical properties, working qualities including its suitability for plywood, paper and pulp of different species of Melia have been carried out (Agarwal and Pande 1992, Nair and Chavan 1985) . The species is newly known to the researcher and public only during the last decade and is now catching up among the plywood industrialist and farmers leading to establishment of plantations. Preliminary evaluations of variations in anatomical properties of Melia composita wood reported that there is a variation in pith to periphery in anatomical features like fiber length, fiber diameter, lumen diameter and double wall thickness (Swaminathan et al. 2012) , which may influence the permeability of preservatives in its wood. Reports revealed that in slow grown timber middle portion of wood had higher values for the fiber length, fiber diameter, lumen diameter, double wall thickness of fiber while in fast grown timber outer region had higher values, which may cause differences in permeability of preservative.
Durability in exterior conditions of Melia composita is not reported. For field performance of any nondurable wood, treatment possibilities and it's evaluation in different wood portions is necessary. Studies on different preservative systems which are retained at different levels and show difference in depths of impregnation of various constituents of preservative in wood may help partially to explain results of field performance tests. Keeping in view the wide variability in treatability in plantation species a new method of demarcation of sap, heart and pith was developed (Tripathi 2012) . It is essential to evaluate treatability pattern of various portions of log i.e. sap, heart and pith of plantation timber to ensure judicious utilization of timber irrespective of the part of the log. Hence, work on processing and value addition for long term performance is required. ). Six logs of freshly harvested tree (10-15 feet long) were demarcated as sap, heart and pith portion, on visual basis, at the cut end of logs ( Figure 1A and 1B).
MATERIALS AND METHODS

Preparation of Wood Specimens
Planks of 2.5 inches thickness with full log width and length were converted and seasoned. Seasoned wood was converted into battens of 3.8cm (Width) × 3.8cm (Thickness) and full length. These battens were further processed into specimens of size 3.8cm (Width) × 3.8cm (Thickness) × 30.5cm (Length). Specimens from pith, heartwood and sapwood were marked as 'P', 'H' and 'S' respectively and grouped separately for treatment. Straight grained and defect free specimens were conditioned at 21º C and 65% relative humidity to equilibrate at 12% moisture content. Before vacuum/pressure treatment, specimens were further divided into two sets. One set of specimens were end sealed with an elastomeric sealant so that penetration and retention values would indicate radial and/or tangential pathways while other set of specimens were taken without end sealed condition to give an indications of absorption/penetration of preservative from all directions (Tripathi 2012 No. of specimens (a) Impregnation of preservative by nine different methods (T-1 to T-9), total 324 specimens were taken. (b) Treatability evaluations by T-9 method, total 72 specimens were selected.
Preservative Formulation
The water soluble preservative copper-chrome-arsenate at 4% concentration (IS 401:2001) and ZiBOC at 4% concentration, initially water insoluble but made water soluble with the help of a co-solvent (Tripathi 2008) were used for treatment.
Impregnation of Preservative in Wood
The treatment was done by full cell method of impregnation (IS 401:2001) using different pressure schedules. The pre-weighed specimens were treated in a pressure cylinder and T-1 to T-9 methods were used to achieve optimum retention and penetration. The details of the 9 treatments are as follows:
T-1: An initial vacuum of 75 kPa (25 in Hg) for 30 min was followed by pressure 689.47 kPa (100 lbs/in 2 ) for 1 h. A Final vacuum of 75 kPa (25 in Hg) for 15 min was applied.
T-2:
An initial vacuum of 75 kPa (25 in Hg) for 30 min was followed by pressure of 517.11 kPa (75lbs/in 2 ) for 2 h.
T-3:
An initial vacuum of 75 kPa (25 in Hg) for 30 min was followed by pressure of 689.47 kPa (100 lbs/ in 2 ) for 1hr, specimens were left overnight in preservative solution and then pressure of 517.11 kPa (75 lbs/ in 2 ) was applied for 2 h.
T-4:
An initial vacuum of 75 kPa (25 in Hg) for 30 min was followed by pressure of 517.11 kPa (75 lbs/in 2 ) for 2 hr and specimens were left overnight in preservative solution.
T-5:
An initial vacuum of 75 kPa (25 in Hg) for 30 min was followed by pressure of 1034.21 kPa (150 lbs/ in 2 ) for 1 h.
T-6:
An initial vacuum of 75 kPa (25 in Hg) for 30 min was followed by pressure of 1034.21 kPa (150 lbs/in 2 ) for 1 h and samples were left overnight in preservative solution.
T-7:
A double pressure method was tested for impregnation. An initial vacuum of 75 kPa (25 in Hg) for 30 min was followed by pressure of 689.47 kPa (100 lbs/in 2 ) for 1 h and 517.11 kPa (75 lbs/ in 2 ) for 2 h and left overnight in preservative solution.
T-8: Specimens were initially autoclaved at 103.42 kPa (15lbs and 121ºC) in an autoclave (Obromax TM laboratory autoclave) for 30 min. Specimens were removed and subjected to full cell method of preservative treatment in a treatment plant. An initial vacuum of 75 kPa (25 in Hg) for 30 min was created in plant followed by pressure of 689.47 kPa (100 lbs/ in 2 ) for 1 h.
T-9:
The specimens were initially steeped in water at 90ºC for 2 h, removed and placed in a treatment plant and an initial vacuum of 75 kPa (25 in Hg) for 30 min was created and followed by pressure of 1034.21 kPa (150lbs/ in 2 ) for 1 h.
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After each treatment, excess preservative was blotted out with filter paper and specimens were weighed immediately to determine the preservative uptake and retention (IS 401:2001) . Treated specimens were allowed to dry for 21 days for proper distribution and fixation of preservative and conditioning of specimens. The amount of preservative solution absorbed by specimens (retention value R in kg m -3 ) was calculated (Tripathi 2012) . Penetration was measured as given below.
Measurement of Penetration
The penetration of the preservative in each sample; 3.8cm (W) × 3.8cm (T) × 30.5cm (L) was determined by cross cutting the sample in the middle to expose a fresh cross section. The exposed surfaces were then sprayed with Chrome Azurol S solution to indicate the presence of copper. The wood turned blue where the CCA and ZiBOC had penetrated, whereas the untreated zones were coloured red. The area of the treated zone and its percentage on total cross section was calculated visually by measuring penetration of preservative in each specimen. All four measurements were averaged to obtain a single penetration value. The penetration data was analyzed as per IS 401:2001, where different treatability classes are defined on the depth of impregnation and total area covered by colour developed for copper: The above stated classification is based on the criteria of preservative impregnated cross-cut area of timbers. Whenever the treatment data did not comprehend with the above classification criteria, classification was made to the nearest class. The same scale was applied for sapwood also to see the variability in treatment. On the basis of penetration and retention of preservative in specimens resulted from different treatments, T-9 schedule was selected for treatability evaluation of Melia composita. The statistical analysis was done using analysis of variance (ANOVA) by SPSS 15.0 version. Duncan's homogeneity test was carried out to test the significance and mean separation of the treatments.
RESULTS AND DISCUSSION
It was observed that cracks and splitting developed in logs, just after felling. It may be due to growth stresses and/ or faulty logging ( Figure 1 ). As Melia composita is fast grown timber growth stresses may be the cause of splitting of logs. The observations is in agreement with Malan (1979) who reported that compressive longitudinal growth stresses tend to increase towards the pith during felling and crosscutting due to which the internal-stress balance is altered resulting in splits and heart checks in the log ends. Growth stresses are more critical in smaller logs from young fast growing trees because of steeper growth stress gradients (Boyd 1950 , Hillis 1997 ). In addition, growth stress release in hardwoods is of much greater magnitude than in softwoods (Archer 1986 , Kubler 1987 . Impregnation of preservative in wood was evaluated by different methods as described in the earlier section. The nine treatments (T-1 to T-9) were tested for optimum retentions and penetrations of both the preservatives in different sections of logs. A significant difference in retention was observed at different pressure levels as shown in table 1. Overall, data showed that maximum mean retention i.e.14.20 kg m -3 was observed in specimens which were initially boiled (T-9) before pressure treatments. Retention of preservatives was significantly different from each other at 5% significance level, i.e. ZiBOC exhibited a mean retention of 12.34 kg m -3 , while CCA exhibited only 11.65 kg m -3 for all treatment tested in the study. Maximum retention was found in T-9=14.20 followed by T-3= 13.24 kg m -3 . In case of different wood portions mean retention was highest in the pith (25 kg m Table 1 and 2 showed that treatment (T-9) exhibited greater depth of impregnation (80.83%) and retention (14.20 kg m -3 ). This may be due to more surface absorption of preservative as retentions were calculated on wet weight basis only. Statistically, ZiBOC exhibited a greater depth of impregnation, i.e. 69.19% compared with that of CCA (67.12%) in different set of experiments.
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Penetration of preservatives in different sections of wood is shown in figure 2. Impregnation of preservative was evaluated by color test of copper on the cut cross-section of specimens and the mean of all the four sides was taken. Maximum penetration i.e. 83.75% was observed in double pressure treatment (T-3) followed by T-9 (80.83%) and T-7 (80.83%). In case of different wood portions the highest mean penetration was found in pith (92.25%) followed by sapwood (67.55%) and heartwood (40.42%) by different methods of treatment (Table 2 ). It was observed that pith is easily treatable as compared to sap and heartwood. Sap and heartwood both exhibited resistance against treatment; this may be due to the presence of round or oval outlined vessels often filled with colored gummy deposits in it, which do not allow proper absorption of preservative during treatment (Agarwal and Pande 1992) . It is assumed that the gummy deposits are water soluble which provides space for treatment during initial heating in T-9 method and this may be helpful to increase treatability. The results of penetration and retention of preservative are in accordance with the established results of other workers (British Wood Preserving Association 1956). Treatability difference was observed from pith to periphery. In heartwood, extractives can infiltrate completely into the cell walls or they may occur as surface deposits or plugs in cell lumina. Their presence in wood affects the permeability and physical properties of wood (Hunt and Garratt 1967) . Literature on extractives in Melia composita is not reported. ) in heartwood portion. This was expected since application of sealant at the end allows penetration only from the transverse direction. It is clearly revealed that mean values of retentions were found maximum in pith (27.69 kg m ), irrespective of the two preservatives. Retention of preservatives was significantly different from each other at 5% significance level. Results revealed that the ZiBOC showed higher retention and penetration compared to CCA in end sealed and unsealed specimens (Table 3 and 4) Table 3 . Mean retention (T-9) of preservatives in Melia composita in different wood portions.
Table 4. Mean percentage penetration (T-9) of preservatives in Melia composita
in different wood portions. Figure 3 shows impregnation of preservative by color test of copper on the cut cross-section of specimens and the average of all the four sides was taken. Six replicates were taken from pith, heart and sapwood in unsealed and end sealed condition at different pressure levels with two preservatives. As per the measurement of penetrability Melia composita fall in treatability class "C" exhibiting 42 -21% average area for impregnation of copper. Unsealed wooden blocks allowed preservative penetration from all the directions. End sealed wooden blocks allowed both tangential and radial penetration. Penetration of copper in end sealed specimens was significantly lower than unsealed specimens with regard to cross-section penetrated irrespective of pressure. This suggests that longitudinal penetration is the dominant flow in Melia composita. In hard wood species without tyloses, penetration in the longitudinal direction is usually greater than in the transverse directions (Tripathi 2012) .
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Correlation coefficient "r" was calculated between density and retention of preservative. A negative and significant correlation (P<0.01, r = -0.873) was observed between density and retention. The results revealed that higher the density, the lower will be the retention of preservative which is expected also since the void volume decreases with increasing density. However, in the present study, it was observed that pith had the lowest average density 329 kg m -3 followed by 387 kg m -3 and 450 kg m -3 for sapwood and heartwood respectively. Factors like small pore size is one of the reasons for difficulty in treatment of heartwood (Petty and Preston 1969, Stamm 1970) , the irreversible nature of pit aspiration in the heartwood (Usta 2005, Nicholas 1966, Thomas and Kringstad 1971) , the amount and type of extractives deposited on pit membranes during the formation of heartwood (Panshin and DeZeeuw 1980, Cote 1990 ), in addition, for hardwoods, tyloses formation in the heartwood (Panshin and DeZeeuw 1980, Cote 1990) .
CONCLUSIONS
Melia composita is not studied so far for treatability evaluation. Conversion soon after harvesting is suggested to avoid splits in the logs. Present study was carried out to examine the impregnation of two water based preservatives in different sections i.e. heartwood, sapwood and pith. Melia composita exhibited treatability class "C". Hence it is categorized as moderately permeable; ICCA: 42-21%. Pith exhibited through and through impregnation of preservative while heartwood and sapwood exhibited almost similar retentions and penetrations it may be because of the presence of very small portion of sap wood. T-9 method of treatment was found best among all methods tested. Study suggests that pressure treatment at 1034.21 kPa after "steeped" in water at 90oC for 2 h is the best treatment for this species. Retention and penetration of ZiBOC and CCA preservative varied from pith to periphery. Pressure levels have significantly affected the distribution of copper in different wood portions. It can be concluded that different treatment methods and the density of wood in different wood portions have a significant role in the penetration of preservative.
